THE 


National Academy of Sciences, India 

THIRTY-NINTH ANNUAL SESSION 

ROORKEE, March, 6, 7, aad 8, 1970 



SECTION OF BIOLOGICAL SCIENCES 

PRESIDENTIAL ADDRESS 

The Record of Early Life in Rocks 

By 

PROF R. G. MISRA, M.Sc., Ph.D., F.G.M.S., 
F.N.A.Sa, F.P.S., F.N.I. 

Department of Geology, University of Lucknow, Lucknow 


NATIONAL ACADEMY OF SCIENCES 
LAJPATRAI ROAD 
ALLAHABAD 

1970 



auction ol Biological Soicacfea 


PRESIDENTIAL ADDRESS 


The Record of Early Life in Rocks 

By 

PROF. R. C. MISRA, M.Sa., Ph.D., F.G.M.S,, M.M.G.I., 
F.N.A.SQ., F.P.S., F.N.L 
Department of Geology, University of Lucknow, Lucknow 


I am grateful, to the National Academy of Sciences for inviting me to preside 
over the Biology Section of the Thirty -ninth Annual Session. 

I have accepted this oiEce with some hesitation, because of the fact that I 
am neither a Botanist nor a Zoologist. I have, however, taken comfort in the 
fact that such problems as Organic evolution, antiquity of life on the Earth, etc. 
are of great interest not only to biologists but also to students of geology. 

I have chosen for my address the topic ; Record of Early Life in Rocks, a 
subject in which scientists from many fields are currently deeply interested. 


Introduction 

Nearly five billion years have elapsed since the origin of the earth. As man 
looks back into the dim and distant past, in an attempt to decipher the momen- 
tous events that have culminated in the evolution of life through the he is 

faced with two fundamental questions : what were the steps that led to the aeve- 
lopment of life and when did life originate on the earth? Naturally, as in any 
historical account, it is difficult to piece together evidence of an event that 
happened in the remote past, but geologists and Palaeontologists in many countries 
including India are attacking the problem of finding records of life m Precambrian 
era stretching over seven-eights of the earth s history previously thouoht o 
a biological desert. ., 

Any study dealing with the problem of the record of early life, necessanly 
encompasses a number of subsidiary problems, which are common to “c scienhst 
and the philosopher. How did life originate on this planet ? ^ould life have 
developed from inorganic substances ? What were the primitive forms related to . 
What influence did the primitive atmosphere have on the origin of hie . wow 
accurately can absolute dates be determined for the evolutmnary stages ot these 
primitive forms ? What is the state of preservation of these forms m ancient ro^ 
in various parts of the world ? What are the finds of primitive hfe m Inffia . ^ 

attempt will be made to discuss some of these points with a view to emphaswe 

the important steps in the growth and development of early life and th 
these organisms in rocks of India. 


Primitive atmosphere 


ipuere , 

It has been stated by several authors, \hat the atmosphere present on the 
earth today, has undergone considerable evolution and m made 

original state at the time of the earth’s origin. Many attemp 
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to aetermine the constituents of the primitive atmosphere. Important contri. 
butions have been made by Abclson (1966) and more recently by Cloud (1968). 
In the very beginning according to Cloud’s simplified model of the early 
earth there was no magnetic field, no atmosphere and solar winds swept the 
earth’s surface. Then gradually,, gravitataonal heating, core formation and the 
form.ation of a magnetic field took place. Still later, the ^mosphere and a hydro- 
sphere developed. The primitive atmosphere consisted CO 21 CO, H 2 O, N 2 and 
Bn Free oxygen has been increasing in the atmosphere at a very slow rate. 
600 million years ago, it was only 1%. It took another 20t) million years to reach 
the 10% level. It was then that land plants appeared, followed by animals. The 
present day 20% of oxygen allows the higher forms of life to live and function. 


Evolution of organic complexes 

It is now a fairly well established fact that the living organic molecules com- 
pl( xes could have originated from inorganic substance. Many theories pertaining 
to such an origin have been suggested notably by Oparin (1953), Haldane (1954), 
and still more recently by a number of other biochemists. Strecker (1845) was 
the first to report synthesis of an amino acid by treating acetaldehyde ammonia 
with HGN and HCl. Since then, great strid«es have been made in the biochemical 
synthesis of various organic complexes, including the synthesis of nucleic acids. 
These studies show, that a variety of organic complexes with characteristics of 
livirg organisms, could have been formed on the primitive earth. 

Haldane (1929) was one of the first to point out that ultraviolet ra- 
diation in a primitive atmosphere in the absence of could produce vast 
variety of organic substances’ from what he termed a ‘hot dilute soup’ . Recent 
experimental investigations have resulted in a great deal of data about the funda- , 
mental nucleic acids, namely DNA and RNA, which control the life processes of' 
organisms. It is hoped the present decade will answer a number of questions on 
the synthesis of these acids and the problems of heredity assimilation and 
reproduction. 

Amino-acids in Precambrian rocks 

Support for the synthesis of organic acids by primitive organisms comes from 
the discovery of amino- acids from rocks containing the earth’s earliest fossil forms. 
Schopf, Kvenvalden and Barghoorn (1968) among others,, have reported ammo- 
acids, hydrocarbons, porphyrins and fatty acids from rocks as old as 3 T billion 
years in the Fig Tree chert of South Africa, also from the 1*9 billion years old 
Guaflint cherts on the northern shores of Lake Superior and, lastely from the Bitter 
Springs formation of central Australxa, which is I billion years old. We owe to 
Ramsay (1963) an eminent structural geologist from London for the first 
information about the record of ancient life in the Fig Tree Series. 

Oldest and most primitive fossUs 

From the biological view poinjtj? onet would ; expect primitive organfems to be 
unicellular (in form) and microscopic in size. It is, therefore, not surprising that ' 
the oldest fossils discovered to date in black, carbon- rich sedimentary rocks^ of 
South Africa, 3*1 billion years are of this type, Barghoorn and Schopf (1965) 
reported such mkroscopic^ . iuMMke organisms 0*^5# in length and 025/*^ in- 
cross section, which they studied witk the help of efectron mkroscope. They also 
discovered that the fossils^ wMch they called isolatutn, were similar te 


[ 5 3 



the present day rod-shaped bacteria and possessed a two layered cell walL Recait 
analyses also indicate the presence of other lowly organisms, such as algae, capable 
of photosynthesis. Plumstead (1969) has thrown considerable light on these primi- 
tive forms. 

Middle Precambrian Micro''Organisms . ’ : 

The next record of primitive life comes from the pioneering rcsearch^by Tyler 
and Barghoorn (1954) in the black cherts of Gunflint Iron formations exposed 
in the Lake Superior region of Canada and North America. The organisms whiich 
occur abundantly and are quite diversified, have been dated at about 2 bilHon 
years. The most prominent fossil forms, are unbranched filaments and. reticulf |e 
spherical bodies. These fossils share- a remarjkable similarity with the interlacing 
algal filaments, so common in modern communities of aquatic algae. A signi^cant 
step in the evolution of thi^se primitive forms seems to be the dominance of phptd- 
‘ synthetic forms. ^ ^ 

Of special interest to the biologist is the Middle precambrian Gunflinf genus 
Kakabekia umbellata. This organism which consists of a basal ellipsoidal bulb 
attached to a membranous umbrella like crown by a tubular thread like stipe, is 
the most distinctive and abundapt organiimi in the cherts. Recent ^wOrk, bps 
shown that this primitive Precambrian form is apparently generically indistingui, st- 
able from a present day non-pholosynthetic organism found in a soil sample in 
Wales by two workers Siegel and Giumarro. 

Late Precambrian Life ^ 

Late Precambrian forms show a higher evolutionary grade of development 
than those recorded from older rocks. Also, much evidence has been colheted 
from various continents to indicate that life was not only widespread during this 
period but that it was also quite prolific. Primitive green algae, aquatic fungi 
and probable protozoan animals are some of the organisms reported from late 
Precambrian rocks with an antiquity of a billion years. 

The 1*1 billion years belt series of Spu.th central Montana is remarkable for 
the presence of blue green algae, fungi, spores and mlcr 03 .copic, and raultichambered 
tests, which represent the probable ancestors of Foraminifera. Further east, the 
Nonesuch shale of North Michigan contains the best documented evidence of 
biological activity yet discovered in Precambrian sediments. The presence of 
prhtanes, phytane. and carbon isotopes indicates the existence of photosynthetic 
organisms, also vanadium-^porphyrin complexes, derived from the chlorophyll 
molecule are the oldest reported occurrence of definite chlorophyll matter. 
Optically active o^gamic compounds, known only to be synthesized by organisms are 
present in the crude oil occurring in .the Nonemch shale. The process of pho to- 
synthesis has in progress for some 2,000 million years, a source for continuous 
propagation and accumulation of free oxygen, and as we know photosynthesis is 
the ultimate energy source of all biolpgical . activity. 

The Bitter Springs fomiation of central Australia contains the best preserved 
ol all Precambrian fossils yet described. This Amstralian microfiora consists of 
filamentous blue green algae, spheroidal green algae and rod-shaped and coccoid 
bacteria. Recently Misra, S. (1969), my former i^udent, has described four 
catagories of organic impressions from the late Precambrian of southeastern New 
Foundland. * " 



The Earliest Record of Life in India 

Although rocks, comparable in age to the 3 billion years old Fig Tree forkna- 
tionof South Africa, are present in India, they have as yet yielded no fossils. 
The oldest forms of life to be recorded from India are from the Dharwar sediments 
ranging back into time to 2 billion years. Gowda and Sreenivasa (1969) have 
reported circular, elliptical, triangular and oval bodies called acritarchs from the 
Guddadaranga-yanhalli formation. The next record of Precambrian life comes 
from the slightly younger Aravalli strata of Rajasthan. Muktinath and Sant 
(1967) have reported algal stromatolites associated with phosphorite deposits near 
Udaipur. 

Cuddapahan Life 

The next younger in sequence of rocks known as the Cuddapah System 
exteiiding northwards in an area from Madras to Bazwada has yielded organic 
remains. Radioactive analysis of galena veins by Aswathanarayana (i 962) has 
revealed an age of 1-450 million years. Still more recently, the Russian geolo- 
gibts Vinogradov, Tugarinov and others have reported ages as high as 1,600 million 
years but no lower than 1,160 million years. This greater age was quite unexpect- 
ed for the Cuddapahas as these beds were believed to be younger. The fossil 
finds, in these formations become consequently all the more significant. The 
Cuddapahs are lithologically ideal for preservation, but fossils are restricted to 
certain horizons in the lower Cuddapahas. 

The most common type of fossils to be described from the area, are algal 
stromatolites. Their algal affinities were first noticed by Srinivasa Rao (1944). 
These colonies of calcareous algae called Collenia are available in size, generally 
showing a rounded, elevated surface. The rounded surface are separated usually 
by massive limestone, but in a few exceptional cases may consist of numerous 
rounded or ovoidal patches separated by a reddish brown, highly calcareous mud. 
A detailed investigation of such bodies reveals a crowded colony of developing 
algae. Individuals are about 2*5'^ in length and an inch in diameter. They are 
conical in shape and wider distally. The individuals appear to be separated at the 
top, but united at the base. Other varieties of algae described by Srinivasa 
Rao (1949) include annular, filamentous, tabular and branched forms. Vishwa- 
nathiah, Rajalu and Sathyanarayana (1964) have also reported stromatolitic lime- 
stones in the Lower Kaladgis near Mysore. Sahni and Shrivastava (1962) reported 
from Cuddapah equivalents a series of spores, which by all accounts belong to 
perhaps highly developed plant forms. 

Vindhyan Life 

The next younger record of life comes from a series of rocks known collec- 
tively as the Vindhyan System exposed in a wide bjlt covering some 104,000 
square kilometres in Central India. A number of fossil forms have been reported 
from Vindhyan sediments (Misra and Awasthi, 1962) and evidence concering life 
during this period is increasing day by day. Geochronologic methods ’ have 
indicated an age of 1,110 million years for rocks expo:ed near Ghurma in 
Mirzapur distiict ^Vinogradov and Tugarinov, 1964). Though an accurate 
age estimation of the Vindhyan sediments is at present a matter of some contro- 
versy, evidence from current researches indicates a Precambrian age for the major 
part of the Vindhyan formations. 

For the past two decades, I have been engaged in the study of the record 
of life from Vindhyan rocks. A number of diverse and varied forms of life from 
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indirect and direct evidences have been reported by many workers. These include 
carbonaceous matter, organic markings, plant remains and even some animal 
remains, although doubtful, In order to deal with the fossil forms more effective- 
ly. I shall divide the finds into two broad categories : (a) tracks, trails, worm 
burrows and other doubtful fossils, and (b) plant remains. 

As the first subdivision affords only indiiect and ambiguous evidence of life 
during Vindhy an ^ times, we shall confine ourselves to the second subdivision 
namely plant fossils in these sediments. ^ 

Vindhyan fossils consisting of small, carbonised discs (F^rmorm) were first 
reported as early as 1907-1908 by Jones from the Suket shales near Ram- 
pura in Madhya Pradesh. The nature of these fossils was to become later a 
matter of controversy. Though originally described as invertebrate Brachiopods 
by Jones and Chapman, their plant affinities were pointed out by Howell and their 
algal nature by Sahni and Shrivastava ( 1954).. Qualitative chemical analysis led 
me to believe (Misra, 1951 ; Misra and Dubey, 1952 ; Misra, 1957) that the discs 
may have had an inorganic origin. Recently, Maithy (1968) has described 
acritarchs from the Suket Shahs of the Kaimur series. One of these forms super- 
ficially resembling the genus Femoria has been identified as Tasmanites, 

Other plant micro fossils have been reported by Ghosh and Bose (1950) and 
Bose, (h>56). These forms include monosaccate and disaccate spores. Sitholey, 
Srivastava and Verma (1953) have described types belonging to cyanophyceae, 
unicellular algae, fungal spores, filamentous bodies, circular discs and desmids. 

A part from the above mentioned remains, algal stromatolites have been 
reported from a wide area from Vindhyan strata (Mathur, Narain and Srivastava, 
1958) and other younger Precambrian formations in the Himalayan region. 
Stromatolites have been described from the Gale Zone of Pithoragarh (Misra and 
Valdiya, 1961) from the Lower Shali Limestone of Tatapani, near Simla (Valdiya, 
1962), and more recently from a number of carbonate formations of the lesser 
Himalayas (Valdiya, 1969). In a detailed and comprehensive work, my former 
student and colleague Valdiya (1969) has shown the affinities of the algal stro- 
matolite Collenia baicalica from Precambrian sediments in Pithoragarh, Dchra 
Dun, Mahasu and Ambala districts to forms typical of the stromatolite complex 
of U. S. S. R., approximately 1,200 to 1,000 million years in age. 

Summary and Conclusion 

In the course of this discussion, we have attempted to give a panoramic 
view of the origin of life through the developing stages of the earliest organisms. 
There was a gradual increase in the complexity and abundance of forms from 
rocks 3 billion years old to rocks, \ billion years (in age). Present evidence, 
indicates that algae predominated over other forms of life not only in their diver- 
sity and abundance but also in their cosmopolitan distribution. 

The study of ancient sediments of organic origin is also of considerable 
interest in the search for minerals, It appears that metalliferous deposits of iron, 
copper, lead, zinc, vanadium and uranium in sedimentary rocks can also have 
organogenetic origin. One might cite the example of association of carbon with 
gold and uranium in the 2,200 million years old Witwaiersrand deposits. The 
gold content increases with the increase of carbon percentage. 

Much research remains to be done in the field of primitive organisms and 
this branch of science is* one in which the biologist and geologists inust work side 
by side to piece together data concerning, early life. 
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Members of the Academy, Ladies and Gentlemen 

I am extremely thankful to the Council of the National Academy of Sciences 
for electing me as the President of its Physical Sciences Section this year. I 
still remember the day in 1930 when as a student I read my paper on ‘Relation 
between Intensity and Velocity of Photo chemical Reactions’, before the first 
meeting of this Academy, held in Physics Lecture Theatre of Allahabad Univer- 
sity with Dr. Meghnath Saha in Chair. When I finished deriving my expression, 
Dr, Saha remarked, ‘It could be done in few steps.’ ‘Come to the B^rd’ was 
my reply. It was quite natural that I was immediately snubbed by iny Guru, Dr. 
Nil Ratan Dhar, for my rudeness. It was never expected that this very rude 
student would be called upon after forty years to deliver the Presidential Address 
of the Physical Science Section of the same Academy. I am fully aware ol my 
inability and incapability in fulfilling the task to which I am put, but I am 
confident that when the Council took the decision for a person like me, the 
Academy must have decided to offer me full co-operation and see mat i am 
successful. Further, there are here distinguished persons like my own Guru who 
will see that I do not fail in my task. 

Let me take this opportunity of congratulating the authorities of Roorkee 
University especially the Vice-Chancellor for willingness with which t ey ave 
come forward to have 39th Annual Session of the National Academy of Sciences 
here. Only with such help and encouragement Scientific research can a vance in 
any country. I am Sure that this encouragement will continue lor ever. 

The Science has developed within last thirty years with such a rapid rate 

that it is impossible to keep pace with it. This is particularly so, 
scientists. It is my firm opinion that our younger generation is doing tar better 
than what we did at their age in our own times. 

In my address, I have decided to discuss before you the work on ‘Parachor’ 
concerning ions, resonance and hydrogen bonding. 

Parachor of Ions. . 

Sugden' suggested that polar bond shouW 
-1*6 units, as the semipolar double bond, since this bon ma P 

bond (whose contribution is zero) and of an electrovalen • „ wKere the 

that he should have come to this conclusion inspite of his own d^a where the 

fall in parachor due to eJ ectrovalent bond was found to aS metals 

, extent of 54-5 units. Again in calculating the atomic Parachors of alkah meta^ 

from the parachors of their fused salts from the results of Jaeger^, bugden and 



Wilkins^ have employed the same values of parachor for ions and atoms, _ making 
an allcwance of - I'd units for electrovalcnt bond. Ibis cannot be reconciled with 
the theory of Born'* which impli-. s that positive irms occupy smalh r and negative 
ion a larger volume, than the corresponding atom in combination. 

Mumford and Phillips” were the first to distinguish between atomic and 
ionic parachors but did not show that ionic parachor was an additive property. 
On the assumption that radius of similarly constituted atoms and ions is deter- 
mined by the distribution of the outermost electrons and is inversely proportional 
to the effective nuclear charges, they showed on the basis of wave mechanicss, 
that the parachor values of halide ions should on an average be 1-46 times those of 
the atoms of the corn sponding rap gpcs and thus about 1'44 times those of the 
halogen atoms in non-polar combination. 

Lakhani and Daroga’’ and Ray® simultaneously studied the parachor of 
salts in aqueous solutions by using Hamick and Andrews® equation as applied to 
mixtures The former author’s have used the expression Pm={^ - x) Pp_-\rxPxl2, 
instead of the usual one ?«=( \ - x) Pp + xP^, on erroneous assumption, that 
when a solid is dissolved, the values of parachor would become half. We’° have 
shown theoretically that the usual equation remains unaffected whether a solid 
or liquid is dissolved. This was further confirmed** by determining the Parachor 
of the same substance in fused and in dissolved state. 


Ray® has clearly indicated that ions should have separate parachor values and 
yet, he employed atomic values in his consideration, tie observed that parachors 
of electrolytes are far lower than those calculated on atomic basis. He 
further staled that Mumford and Phillips” values for ions do not reproduce the 
observed results. However, he has confused his discussion by introducing the 
concept of degree of ionisation in case of parachors of strong electrolytes which 
are known to be completely ionised. 

It was shown by us*® that Kolhrausch law, applicable to mobilities of ions, 

holds in case of parachor. or P -P =P -P =P -P. 

NaCl KCl NsBr KBr Nal KI 
This was done from our own results as well as from Jaegers® results on fusi d salts. 
Our value was about 29, while that from Jaegers’® it was 31. It was thus establish- 
ed that ionic parachor is an additive property and hence specific values could be 
attributed to ions. 


The main problem now was how to get the parachor of one ion indepen- 
dently, so that the values for other ions could be fixed. The idea of connecting 
the properties of compounds with their electronic configuration originated with 
Langmuir*® who applied it to isomorphism. On this basis Oo’®, F", Ne, Na"* , 
Mg®"*" aie isosters and assumed to have similar properties. Thus, isomorphism of 
NaF and MgO was attributed to the similarity of their property, namely, to the 
orientation of the oppositely charged ions in the crystals of their compounds. 
Copley’* introduced this idea of isoelectric isosteis to parachor. Wc’® extended the 
suggestion and it was concluded that the anions O"® and F" as well as the 
cations Na+ and Mg®+ should have the same irarachor as Neon. On this 
basis the Parachor of KCl should be twice that of Argon, the parachor of NaCl 
should be equal to the sum of the parachors of Neon and Argon and the parachor 
of NaF should be twice of Argon. The values for Neon and Argon are 25 and 54 
respectively’”. The calculated and observed values are : 

NaCl KOI 

79 108 

79*6 108-9 


Calculated 

Observed 




NaF 

50 

50-2 



It may be stated that the value of K.C1 observed previously by Ray^ was also oi 
the same order. These values are far smaller than those calculated from fused 
salts. Clearly there is a difference, since above results are in solution, and there 
can be no comparision br.tween the values calculated in fused state and in solution. 

Kaweeshwar and Vaidya^<^ have criticised the above work on the ground 
that isosterism and isomorphism do not always go together. Further, isosteric 
ions may not have the same size. Basing their ideas on the views of Jones and 
Ray^^, Silverman^® and Lec^®, they have associated parachor with ionic radius. 
Further, taking advantage of our^^ observation that parachor of fused salt is 
practically the same as in dissolved state, they have calculated ionic parachors 
with the help of Triche’s-® work on ionic parachor for dissolved state, from the 
fused salt values obtained from Jaegers® wjrk. It is natural for these values to 
reproduce the parachor of fused salt as they are derived from them, but they fail 
fo reproduce experimental values in solution. In both Mumford and Phillips work® 
as well as of Kaweeshwar and Vaidya^® one value alone is determined independent- 
ly, while other is obtained merely by substraction from the experimental value of 
the salt. In our case both the values are determined independently of the 
parachor value of the salt in aqueous solutions and therefore stands on 
sounder basis. Recently, Liska'-^^ has evaluated parachor values of a number 
of inorganic salts in water and come to the conclusion that additive law is not 
applicable to aqueous solutions of inorganic salts due to deforming action of 
oppositely charged ions. On the whole, it may be said that though it is establish- 
ed that ions should lower, the parachor values considerably the exact values for 
ions is a problem’ which still needs further investigation. It will be shown that 
lowering of parachor due to electrovalent bond has very great significance in 
deciding the nature of hydrogen bond. 

Parachor and Resonance 

It is well known that there are many substances whose properties cannot be 
accounted by means of a .single electronic structure of valence*bond type. 
Pauling- has introduced tha idea of 'resonance’ amongst two or more such 
structures. According to wave mechanical theory of resonance the actual molecule 
can be written at least approximately, as the linear combination of the 
orbital functions of st^parate .Structures. One of the solution of the approximate 
equations should give a value which is less than that of any of the individual 
structures. It is obvious that various resonance structures should not differ much 
from one another in their potential energy. 

There are various methods for detecting the existence of resonance such as 
rcsoiiancd energy,^® heat of formation-^, and measurement of intemuclear 
distances®® in the compound. Dipole moment-® has also been successfully used to 
establish the existence of resonance. We®^ have made an attempt to relate reso« 
nance to parachor. 

Since the resonance structures should have potential energies very near to 
each other, it is suggested that those structures will only be possible whose para- 
chors arc the same or nearly the same. However, there will be slight lowering m the 
parachor due to polar nature of the some of the resonance structures, lower- 

ing should be T6 units the value for semipolar bond suggested by Sugden but may 
be larger if there are number of polar resonance structuies. Further, the constancy 
of the value — T6 has been questioned on the ground that the extent of polarity 
varies with the nature of the combining atoms. Also, when there is complete 
ionisation, as in case of strong electrolytes in aqueous solutions, the value has been 
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shown to fall®'^“ by several units. It is thus possible to decide from the compari. 
sion of the observed and the calculated parachors of the various possible 
structures whether resonance exists amongst them. 

The common resonance structures are : 

(i) Those in which bonds exchange positions. 

A = B - G and A - B = C 

(») Those in which a double bond changes to two rings of four 

/\ /\ 

II 1 and l\l 

\/ \/ 


(Hi) Those in which two double bonds are replaced by a triple bond and a 
single bond 

A=B= O, A = B-GandA-B= C. 

Obviously there are some other types but the above ones are the main. 

If our suggestion that parachors of resonance structures be not very different 
from one another is correct, then in all the three cases mentioned above the 
various forms of resonance structures should have the same or nearly the same 
parachor. 


In case (i) there is no difficulty as the number and the type of bonds remain 
the same. The typical examples are alkyl nitro compounds and alkyl amides. 


.O 


O 




R-N and R-N 


O 


R- G 


\ 


and 


N—H 

I 

H 


O 

R — 

It 

N — H 

i, 


The observed parachor for nitro group is 73*1 while the calculated value for 
each structme is 74T. The slight lowering is due to polar nature of the structure- 
as stated. There is a third possible structure. 


O 


R- 




The calculated parachor for this structure will be less ■ by 23' 1 units as one 
double bond has disappeared and will be very different from observed value. 
According to parachor theory of resonance therefore, this structure is not possible. 
Paining'® also states that this structure should hardly contribute towards 
resonance. 
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The observed parachor of acetamide-® is 148 while the calculated value is 
151. This supports our resonance theory, the slight lowering being due to polar 
nature of the structures. 

It has been shown by taking several cases^^ that where the resonance 
structures have no polar nature, the observed values show only a very slight 
decrease compared to calculated values. This decrease is larger, greater the 
number of polar structures contributing towards resonance. 

Cases are known where resonance alone is not able to explain the observed 
lower value of parachor than the calculated one. The well Imown cases being 
those of carboxylic acids which have the resonance structures 

O O 

/ / 

R-G R-C 

\ ^ 

O — H O-H 


O 

/ 

■ The observed parachor®® of— G group is about 75, while the calculated 

\ 

OH 

value is about 85. These acids are known to form dimers and will be considered 
under hydrogen bonding. 

In case (ii) of the resonance structures, it will be seen that if parachor values 
are not to change to satisfy the condition of resonance, it is necessary that the 
parachor of two rings of four should be equal to the parachor of a double bond, 
since one double bond disappears from Kekule s structure and ^’o i mgs of four 
appear instead, in Dewar’s structure. Similarly in case (»») the parachor of a 
triple bond should be twice that of a double bond, as in these structures two 
double bonds disappear and a triple bond and a single bond appear. The interest- 
ing confirmation of these conclusions is seen when the values of parachor as given 
by Sugden®^ are compared. 

Triple bond 46-6 A ring of four 11-6 


Double bond 23 •! 

W. HUckeF® remarked “in case of increments it is striking that for triple bond is 
exactly twice that of double bond. Whether any theoretical significance can be 
attached to these relatibnships between numerical values is a problem . How- 
ever, he failed to sec that the parachor of a double bond is twice that of a ring 
of four. These relationships, as shown above, are not accidental but arise out of 
resonance, a fact which was not realised before. 

It is well known that the properties of benzene cannot be 
basis of a single Kckulc’s structure. According to parachor 
second Kckulc’s structure is possible, smee there w ^ 

which docs not result in a change in parachor. However, pa a p ^ 

contribution by Dewar’s structure also, though to a lesser " 

double bond cLnges to two rings of four resulting m no ’tWs 

thestruciurebeiniplanner, an additional 

results in a drop in parachor by 6*1 units as compared to p*"/® 

This difference is appreciable, hence the ®*tent of resonance between Kek^^^^^^ 
and Dewar’s structures can only be slight. The calculated values of parachor 



for these structures are 207-1 and 201 while the observed value^® is 206. Thus the 
main resonance structures are those due to Kekule 







However, above considerations clearly show why on parachor basis the resonating 
structures of Kekule type be always associated with Dewars type though to a- 
very small extent. Claus Armstrong-Bayers centric structures are ruled out as 
the parachor value is widely different from the observed one. It may be stated, 
that the possibility of a particular resonance structure can only be^ predicted hy' 
comparing the observed and calculated parachor values of various resonance 
structures suggested. 

Incidently, it may be pointed out that we have throughout used Sugden’s^^ 
values for atomic and structural parachors. This point has been critically 
discussed by We have examined the work of Mumlord and Phillips®‘S4 . 

Hunter and Maass"°, Edgar and Calingaert-*^^, Richards, Spuyers and Garverss, 
VogeF^ Gibling"^, Quayle and Donaldson^^®, Harkins, Claiks and Roberts^®. 
There is a fundamental difference in their approach. Sugden desired to how 
far the property of parachor can be used for elucidating doubtful structures of 
molecules, while others have tried to find how far the atomic and structural values 
when substituted can reproduce the experimental results. The general basis of 
the property of parachor is thus lost. One example here is enough to support the 
statement. The value of parachor found for benzene ring, by vogeF^ is, 1*4, by 
Gibling-® 0-0 and 0*8 by Miimford and Phillips®. In many aliphatic compounds 
the value of parachor is above 200, So that an error up to 1*4 units is always 
possible. The whole distinction between aliphatic and aromatic compounds is 
lost. The values of Sugden therefore be r(^taincd without further criticism. 

As stated previously, the parachor of a triple bond is twice that of a double 
bond and hence the lesonance between the structures of the typeA^B-C, 
A“BhG and A^B=:G is possible. Thus carbon dioxide has the resonance 
structures, C^O, GS'C-^O and G<-C'^ 0 . Pauling^^ suggested . two more 
Structures, 0~G^0 and 0<-~G = 0. It is interesting to note that observed 
parachor^^ for GO^ is 77*5 while the value calculated for the first three structures 
is 91 and 68 for the remaining two. Parachor observations therefore support 
Pauling’ view, that the other tw’o structures also contribute to resonance. 


In case of carbon disulphide similar five structures are possible. S = C = S, 
S?G-^S, S<“ C=S, S — G~>S and S«-G=S. However, the parachor observed^^ is 
145 which corresponds to first three structures. The other two structures have 
parachor value 124 and hence their contribution is nil. This is supported from 
the study of bond distance of GSj^ which comes to be T54 a- Resonance energy^ 
of carbon disulphide also confirms the above conclusion. 

Parachor theory of resonance has also been successfully employed in explain- 
ing the resonating stiuclures of such compounds as carbon oxysulphide-^ SCO, 
carbon suboxide^^ C 3 O 2 , nitrous oxide^^, hydrazoic acid^^, azido grouping^^^ and 
diazocompounds^^, where two double bonds change to a triple bond and a single 
bond. 

In addition to above cases of normal resonance struct ires there are typical 
cases cf carbon monoxide arid nitroso group. The observed parachor 
for them can be used to decide between possible resonance structures. ' Pauling]?? 



suggestion that GO, has the resonating structure G^=0‘, and C”=0+ is not 
supported by parachor.’ The observed value 69’6 corresponds to the triple 
bond structure, Pauling's^® view is supported by the wprk on dipole 

'moment but not by bond distance. 

It will be clear therefore that like resonance energy, bond distance measure- 
ment, heat of formation, and dipole moment, parachor can be used to decide 
between various possible resonance structures. Further, it can suggest as to what 
resonance structures possible, in a particular case. 


Parachor and Hydrogen Bonding 

Scientists'^ long ago recognised that special theories were necessary, to 
explain the behaviour of associated compounds. Empirically they establbhed 
that association occurred in those compounds which contained certain functional 
groups. Alcohols and phenols formed associated complexes whereas hydrocarbons 
did not. Molecules with hydrogen containing functional groups were lecog- 
nised to have a particularly tenacious interaction. In 1903, A. Werncr^^ 
proposed that ammonium salt has a configuration in which a proton lies between 
the ammonia molecule and the ion linking the two. He symbolised the inter- 
action as (wgN .... H) X. 

Moor atid Winmill^® studied the dissociation constant of various ampiomuin 
bases and noted a markrd difference between quartern^ry bases and others. They 
tried to explain the behaviour on the lines of Werner^® but failed to appreciate 
the difference between a proton lying between the molecule and ion and CH 3 
group lying between the molecule and ion. { N (CH 8)3 .... GH 3 } OH. It 
Latimer and Rodebush®^ who clearly stated that hydrogen nucleus held between 
two octets constitutes a weak ‘bond’. They arrived at this conclusion from the 
study of associated liquids. In quarternary bases there is no hydrogen nucleus 
to form a weak bond with OH and hence it cap ionise to act as a stronger base. 
However, they had no idea as regards the nature of this bond now known as 
Hydrogen Bond. They did not say whether it was co-valent or electrovalenp 
The whole idea was centered towards co-ordination due to Werner’s^^ suggestion. 

Lowtry®^ in discussing the polarity of double bonds, assignes co-ordinated 
position to mobile hydrogen in glutaconic acid but does not seem to haye a clear 
idea since in ethylidcne-maleic ester l^c gives a co-ordination number of four to, 
hydrogen. However, later with H. Burgess®^ he had clearly established thp idea 
of co-ordinated hydrogen from the study of Ai-ray analysis of ice, by the existence 
of complex ion and from the anamolous properties ofoxyacids. 

Sidgwick®^ studied the solubilities in water, and boiling points of a series^ of 
(?, m, and p— substituted phenols. It was found that with compounds containing 
certain active groups like — N 02 . OHO and **“ Gl, the ortho derivatives were more 
volatile, less soluble in water and more soluble in benzene than would haye been 
expected. He therefore cbnbluded that hydrogen atom under certain pondittpps 
could increase its co» valency by one. 

The above discussion will make it clear that none of these workers had a 
clear idea of the nature of hydrogen bond. Their ideas were centred with 
Werner’s**® view of co-ordination. No evidence was put forth that &e bond was pt 


co-ordinated type. 

PaulingM with the help of quantum mechanical theory of valency show^ 
for the first time that a hydrogen atom with only one stable orbital cannot form 
more than one pure covaletit bond and the attraction of t^o atoms observed m 
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hydrogen bond formation must be due to ionic forces* Since now the hydrogen 
bond is a bond by hydrogen between two atoms^ the co-ordination number docs 
not exceed two* Further, the strength of the bond is not constant but depends on 
the electronegativity of atoms attached to it, the strength increasing with the 
increase in the electronegativity of two bonded atoms. 

Several classical®® methods like the determination, of solubility Vapour 
pressure, vapour density, molecular weight, dielectric constant etc. were used to 
detect the presence of hydrogen bond* Recently, IR®® and Raman Spectroscopic 
techniques achieved major importance, though X-rays studies provided the first 
important structural evidence of the existence and extent of hydrogen bonding. 
It must be mentioned that till Pauling®^ suggested that the bond is electrostatic 
in nature no clear idea as regards the nature of the bond was known. 

Sidgwick and Bayliss®^ were the first to study the parachor of what they 
called co-ordinated hydrogen. They found that there is considerable fall in the 
observed parachors of the compounds like u-nitrophenol, u-hydroxy benzaldehydc, 
<?-vanilin, and carboxylic acids as compared to calculated values for their open 
chain structures. This fall is enhanced if calculations are made on the basis of 
closed ring structure by an amount equal to the parachor of . the ring formed. 
The value on the first basis was about-8 units and - 14 units if a ring of six is 
assumed. It was unfortunate that they did not realise that this drop in parachor 
was not due to co-ordinate hydrogen but was due to hydrogen bond. Go-ordinated 
bond at the most can cause a fall of parachor of -Tb units as shown by Siigden.^ 
The co-ordination compounds with normal co-ordination number do not show this 
decrease in parachor. We®® extended this work to several compounds. In 
addition, solution method of Hammick and Andrews® was used, so that substances 
which were not liquids or could not easily be melted, could also be studied. It 
was observed that compounds suspected to contain hydrogen bonds, showed 
uniformaly an appreciable decrease in parachor. We thus suggested that this 
decrease was due to Hydrogen bonding and thus parachor method like other 
classical methods could be employed for finding out the existence of hydrogen-bond. 
The fall due to hydrogen bonding which ranges from '6 to 18 units is so large that 
it cannot be missed even if their is a slight error in measurement. 

The important significance of our work consists in drawing an analogy 
between the appreciable decrease in parachor of salts in aqueous solutions and the 
fall in case of hydrogen bond. Since the combination in salts is electro-static in 
nature, the decrease in parachor is attributed to it and we conclude therefore that 
hydrogen bond is also electrostaiic in nature, as its presence results in appreciable 
fall in parachor. This supports the modern view oi Pauling®^. All other classical 
method s show a change in property when hydrogen bond is present but cannot 
draw any inference about the electrostatic nature of the hydrogen bond. 


The discussion on the decrease in parachor due to resonance, hydrogen 
bonding and iotiisat ion suggests that the parachor observations could at least 
qualitatively be employed for differentiating these three aspects. 

Carboxylic acids®® are known to exist as dimers in benzene, chloroform and 
carbon tetrachloride and as monomers in ether. Further, the structures may be 
rcpicsented by resonance®® or hydrogen bond®®. 



/ 


O 


\ 


OH 


and 



OH 


(Resonance) 
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o 


H O 


R — G G — R (Hydrogen bond) 

\ / 

OH O 

The calculated values of parachor as dimer without hydrogen bond for acetic 
acid, propionic acid, and benzoic acid are 282, 362 and 550 respectively. The 
observed results®® in ether are 284, 362 and 549 while they are 260, 340 and 537 
in dimeric solvents. It is concluded, that carboxylic acids mentioned above have 
resonance structure in ether and hydrogen bonding structure in other solvents as 
expected. 

For amides Pauling®^ has suggested the following resonance structure. 


O 

/ 

R- G 

\ 

NHa 


G 

/ 

and . R — C 

NHj 


They may form a hydrogen bond®* as suggested in the case of urea. Wheland 
sug^sted their ionisation in aqueous solutions. Our observed results®* of 
parachor in methyl alcohol for acetamide benzamide and urea are 148, 279 and 
141, respectively, while the calculated values are 151, 279 and 142. The value for 
acetamide falls appreciably in aqueous solutions. It is clear therefore that the 
parachor rules out hydrogen bonding in amides and explains the lowering in 
aqueous solution due to ionisation. Thus it confirms the resonance structures, 
suggested by Pauling®^ in non-aqueous state and explains why the value should 
fall in aqueous solutions. 

Acetyl acetone®**®® and acetoacetic ester may have resonance or hydrogen 
bond structures. 


GHs 

H_A 


o 

G H 


GH, 


OC.JJ, 

o 

(/ H 


H-A 


o 

/ \ 

GHs - G H 


H-'(3 


I 

O 
G 

O-CaHj 


GHj-C 


I 

GHfl 

O 

/ \ 


H 

O 


\ 


G 

I 

GHa 


O 

/ \ 

GHa-G H 

N 

H— G O 

\ / 

G 


O-GaH, 


GHa — G 




H — G 

G*H* 


H 


Our®* narachor value and that of Landolt and Bomstein«i is 302 for ethyl aceto- 
acetate! The calculated value of 306 is not very d^erent. 

support the resonance structure. The work of Sidgwick® on solubility supports 
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this view. The results with acetyl acetone also support the resonance view a$ 
there is hardly a parachor decrease (observed^® value 245*5 ; calculated 247). 
However, Pauling®’' has suggested that the bond may be a co-ordinate (not hydro- 
gen bond) one. According to him a second co-ordinate bond for hydrogen is 
possible. When the bond becomes larglcy ionic causing appreciable attraction of 
L electrons, then under this circumstance the proton could use its S orbital for 
co-ordinate bond formation. 

The parachor decrease has clearly established that hydrogen bond is electro- 
static in nature and that the values of decrease could suitably be employed to 
distinguish between resonance, hydrogen bonding and ionisation. 

Hydrogen Bond Energy from Parachor. 

Hydrogen bond may be {%) intermolecular, as in case of orthonitro 
phenol, or («) intramolecular ,as in case of alcohols and carboxylic acids. 
The intramolecular hydrogen bonding in case of carboxylic acids which form 
dimers, forms a ring, while in alcohols, there is a long chain. The parachor of 
intermolecular compounds was shown by Biiehler®®, Gardner and Clements not to 
change with temperature, while the parachor of intramolecular compounds with 
hydrogen bond was found to change due to change in ' the degree of association 
with temperature. The carboxylic acids are known to form simplest associated 
molecule by forming a dimer and hence are easy for investigating the change in. 
the degree of association with temperature, and therefore for the determination 
of hydrogen bond energy, 

' The heats of dissociation of polymers held together by hydrogen bonds have 
been obtained from the data on change in cqualibrium constants with tempera- 
ture determined by measurement of vapour density or of distribution rates, Thus, 
the heat of dissociation of gaseous formic acid was found by Coolidge®® to be 14,125 
c^ls per gram mol. 

In case of gaseous acetic acid Fenton and Garner'^® got a valu(5 14900, while 
Mac Dougalpi obtained a value ot 16400 cals, per gm mol. Hendrixon’s’'^ values by 
partition coefficient method in benztoe and water and in chloroform and water 
are 8710 cal and 8350 cals for benzoic acid and 5630 cals and 7680 cals, per gm. mol 
for salicylic acid. consider the ca^e of acetic acid which exists at any tem- 

perature as an equilibrium mixture of simple molecules and dimer molecules with 
hydrogen bond. 

O H-O 

/ \ 

2 CHii GOOH GHa - G — CH. 

\ / 

O^H O 

The values for parachor at different temperatures for acetic aCid are give by 
Sudgen^^. Empibying their values the equilibrium constants for the above 
equilibrium at different temperatures were calculated. Then using the well known 

. d Ink ^ 
expression ^ 

Q, the energy of hydrogen bond, could be found. Following table illustrates 
the results. „ 


Temp. °C 

10 

50 

120 

190 

250 

280 

k 

0-044 

0*311 

2-51 

8-14 

23-83 

51,03 

b 

- 

8923 

8945 

7249 

8598 - 

14580 cals. 
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The value obtained by Fenton and Garner^® is 14900 cals. It will be seen tb^forc 
that parachor variation with temperature gives an idea ;hat the energy of hydro- 
gen bonds oi the same order as found by other methods. 

In my address I have discussed briefly the use of parachor in various fields of 
importance. There are several problems which still need clarification, such as the 
parachor of ions, the relation of parachor decrease to the strength of the bond. 
Pimental and A. Meclellan in their book on ^The hydrogen bond’ say ^Shukla and 
Bhagwat’ make the pertinent point that a fixed group parachor value for H bond- 
ing cannot be expected because various H bonds are different and give diSerent 
lowering. As yet no extensive systematic study has been reported.” It is left there- 
fore to those of the younger generation to try in this direction if it thinks that 
parachor property though simple can lead to useful results. 

Let me once again thank the Council of National Academy of Sciences for 
having given me the honour of presiding over the Physical Sciences Section of this 
learned Academy. 
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Ladies iWD Gentijemen , , 

. I am thankful to the members of the National Academy of Sciences for the 
honour they have bestowed on me by electing me their President for the year 
1969. , . • . . . 

j For many years now I have been interested in the oxidation of.simple organic 
compounds because the complicated food materials that we eat are first broken 
into simple molecules and then they are oxidised. Moreover, the oxidation of 
organic molecules is a phenomenon of great importance to the organic and bio- 
chemists as many of thejr products are the. result, of oxidation of organic molecules. 

At present, although- an electro- chemist is able to . compare ^ the oxidising 
powers of various inorganic reagents by , reference to a scale qf oxidation reduction 
potentials, this approach is of little value to the organic chemist as the m^onty 
of the oxidation reactions arc not thermodynamically reversible systems. Whereas 
reversible oxidation — reduction inorganic systems contain mobile electrons, which 
can bfe exchanged at the electrodes, thq electrons cf organic compounds are, in 
general firmly bound by covalent linkages ; hence a considerable amount of energy 
is needed for their removal. In order to interpret the, organic oxidation reactions 

theoretically, a general study regarding their quatitative and kinetic aspects is ot 

prime improtance. , . . ■ ■ -ri. 

The study of the reaction rates is, of great importance in industry aho. Tte 
economic success of 'a chemical process naust depends to a great extent on the 
intimhte knowledge of the conditions ' of concentrations, temperature, nature o 
catalyst etc. that influence the reaction rates. 

The newer concept of reaction . mechanism is of considera.ble iinportance 
here. This includes a knowledge of each individual step , that takes place sim- 
ultaneously or consecutively to produce the observed over all reaction. It is also 
very necessary to have a detailed s'tereo-chemical picture of each 

emphasised in I955i. This means that one shoul(S have some idea of the composi- 
tion and the geometry of the activated complex. , i 

■ Further, in order to get a complete picture, of oxidation 
molecule the thermodynamic parameters of the process and the products of the 
“S should be Sully stilSied ; often the effect of environment, such as 


1, Chtterji, A. G. Prciidential address of the Silver Jubilee Session of the National 
Academy of Sciences, India, 27— 12--1955 page 2. 

[ 1 ] 



clianges in the acidity brought about by adding various acids, the nature of the 

solvent, whether organic or inorganic, has considerable. influence on!„the::i!£tte(h)tid 
even inechai;iism Qf, the reaction. ■ y, , ;-p 

Oxidation of labelled mqiccules and presence of bases stronger than H2O gives 
valuable ii^ipatiqn as reg^ids^he course .reaction. F ^ 

Another important will be systematic oxida- 

tion, of simple organic molecules by ditfeifpbt oxidising agents to filhl'd ou^ 
relative oxidising powers as. '^eU as to know,4|, different products are produced 
indicating differ mt patH# of f inaction mechanism”. 

In this laboratory ^.c^d^tion of saturratpd alcohols, aldehydes and a-glycols 
by chromic acid m acid .mpd^j^m has beeuupdertaken. Primary, secondary and 
tertiary alcohols have Will)- glycols effect of methyl substitu- 

tion has been studied. 


The order of the reaction with respeefitd) 4heV organic ^iholecules. m 
above has been found to be one. It is also one with respect to chromic acid. 
It has been established that all the oxid a tiop, reactions stiidied here are bi- molecu- 
lar acid catalysed reactions.' The ordet^ respqc^ to H+ is one at low 

concentration and two at high concent ration. of the acid^l’ \ 

In the case of oxidation of ethylene glycols and its substitution products, it 
has been found that the order of the reaction with respect to the alcohol, chromic 
acid and hydrogrri is one,' one and two for all ion concentration but with 
pinacol the order is one, one and one at all hydrogen ion concentration^. ‘ ' 

As the general trehd of the order of the reaction with jrespect to 
various reactants apf^ears to be the same or nearly the same', an oxidation 
mechanism of a very similar or neatly similar nature has been proposed. 

y ,'It is of great interest frqm the general chemical point of view ; ( 1 ) to find out if 
the oxidation involves the transfer of an oxygcii atom from the oxidant molecule to 
the organic molecule undergoing oxidation, or if the oxidation process is a case 
of dihydrogenation, only .(if) then which of the hydrogen atom is attacked. Hof 
the G-H bond or H of the 0~‘H bond (ill) to know if it is an electron transfer 
only, (iv) to measure the amount of energy required in affecting the cleavage 
of C-G bond, (v) to identify the nature of G-0 bond rupture and to see whether 
it is of heterolytic or homolytic kind and lastly; (vi) to find out if the reaction 
takes plac<' in one electron step or two electron step. 

A critical examination of the attempts to elucidate the mechanism of organic 
molecules by chromic acid shbws that a general correlation cannot easily be made 
although a similar trend nray be observed in all. Many substances arc smoothly 
and completely oxidis d but special postulates have often been found necessary 
in order to explain the idiosyncrasies of individual compounds of the same class. 

“InTthe^sfudy of "the oxidatibh oT glycols care should liic t|ik^pn tp ^deu.tify thp 
products of the reaction as these may oxidise in the ordihary way or there riiay be 
a cleavage of the G-G bonds as indicated below : 


1. Anatony and Ghatterji. Prvt. JVirt. AetAmy <ifSei. AIMabaii India, ttSA.HO; isii •, 
4norg. allg Chtmt, 280, I lO,; J955, 210. 50; 210;rSl05.'ld59. 

208, 281, 1P58, JbU, 210, 166, 1959, fitf. 210, 
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.,(2) Oxidatiait with the rupture of thtC^G^vi 

'^ V ■ . 't -u.'.-. ■'Ki- '■.•■■■■ l» <•' •>■• ”•■'■' ■’ ‘ 

■ ■' CHjQH . , ,. „■„ .he-. '^,'.3 -*.■■ : ' h -^-•■ 

i '■'..4;;’ 2 Hcttbe ' 

■bHaOH.;.'.;:, hv' V.- ■■ ■ •■• 

ethylene fromaldehyde ^ ^ 

glycol ‘ « i ^ 

Sometimes both the types of oxidation occur and glyox?il and formpldihyde 

a*c produced Mmultaneously. i . -; i ’ ■ 

From the laree amount of data obtained by us (luring oupuycstigation it 
i, of interest \o coiSiare the variation of thermodyt^mical parameters of^ the 

“iir* monoh^dno. .^oohoU 

Im. ilopropyl M^butyl , iloobS. . .long »* tte one. of otbylobe, pripylene, 
2’3 Wylene glycols and penaicol arc given here. . 

• oefdo,.. 



Alcohol 


% aT 

, ' , Temp. E A fo^ f-j '=3>- 

*‘35®8cc''^ H5°8ec- ^ cals sec'i ..s^ H-'b % ^ 

v-:. . . epo Sj' •; %• 



E.by.A.C«b«l 9-35. .0- .•f7X>0-. 1-33 U e .-dgx.O. B-S 600 -1300 

(0*5 M),: ,vv: .h - ' ' n ,A« 0 . 1 R n-2 1-78x103 _3-5 3000 2400 

Ter-Butyl Alcohol 7-72x10-^ l-68xl0-» 2-18 132 1 /»xiu 

(0-5 M) 


I 3 1 



Oxidation ofo-GlycoU by Chromic Acid ; Relatioe Entropies,. Heats and Free 
Energies of Activation'^ • 


Chromic Acid 0’002 M 

. ■■ ■ i' 


Glycol ^25^" sec-’ ^35"" sec*’ 


Perchloric Acid ^ 0^2175 M 


vjj ii-o 

^ 

Temp. E A <1? <li3 
Coeffv ■ k cals sec”’ ^ J ^ 

a 

<I <1 


1^0 

O 


<! 

O 

<1 


PJ 

o 


Ethyleneglycol 2-98xl0-« 5'36^10-» 1-80 10-7 2-09x 102 q 0 0 

(0-02 M) 

Propylene glycol 1-81 x 10-» 3'20xl0-» Vll 10-4 7-63 x lO^ 2-6 -300 -1 lOO 

(0 02 M) 

2;3Butylene 4*82x10"® 9*38x10"® 1*95 12*2 4*25yl0M0*4 1400 -1700 

glycol (0*02 M) ... r ' r- 

Pinacol (0*02 M) M4x]0”3 2-93x10-3 2*57 17-2 4*64x 10^, 33*8 6500 -3700 

*Chattcrji, A. C. and Mukherji, S. M,, ^eit»Fur thysik. Cheme, 210 166 175* 195^, 

On critically examining the tables of both the sets we find the rate incrcasiing 
upto isopropylalcohol and 2*3 butylene’glycol respectively so that the rate increases 
so long as there is a hydrogen atom attached to the carbon aloni next to .the one 
carrying the OH. But when it come* to the butyl alcohol and 'pinacol where all 
the carbon atoms have been replaced, the behaviour is diff.^rent. With butyl 
alcohol the rale is considerably decreased while in pinacol the rate is vc^ry much 
increasrd. The difference in the behaviour of the two fertiary alcohols point to 
the difference in the mechanism. Chromic acid conyef ts pinacol to acetone quite 
repidiy. It must necessarily involve the attack oh O-H bond. This is not 
sufficient reason for the increase in the rate. Here the oxidation proceeds via the 
oxygen diradticiil Me 2 - G - G Mcg whereas in butyl alcohol no free radical is 
I I produced. 

O* O* 

When we examine the products formed by the rupture of G - G bond i.€, 
formaldehyde, acetaldehyde ard acetone in ethylene glycol, butylene glycol and 
pinacol we find the yields to be 1*2%, 28*7%, 67%. Thus we see tlmtjhe^ Itipture 
increases as H is replaced- by methyl -group.- 

Jt has also been found that ethylene glycol yields rriore glyoxa] thanTor- 
maldehyde. This is always not so, with different oxidisers different oxidation 
products arc produced in different quantities even with “ ethylene glycoK Anbdic 
oxidation givts 91% ofglycollic aldehyde^. With aryl iodoso acetate, chrbmyl 
chloride, lead tetraacetate and periodic acid almost, quantitative rupture - ta^kfes* 


1, Chatterji and Mpkherji. Z^it Physik. Chmie, 2i0, 172, 1959, 

2. Glasstone and Hickling. J. Chm, Soc,, 820, 1936. 



piece and formaldehyde is obiained in almost quantitative, yield, whilst KMnO^ in 
acid media gives large quantity of glyoxal. ' Hence, we sec thait; the same organic 
molecule is sometimes mptufred quantitatively by some oxidisers whilst, other 
oxidisers produce almost very little rupture products. ■ 

It is also very peculiar that with the same oxidising agent (HCrOJ- the main 
seat of reaction is shifted as we go up the homologous series of glycoIs; There is 
absolutely no doubt that the O-H bond (bond energy 110*2 K cals/ihole) is much 
stronger in an isolated molecule than the G-H bond (bond energy is 87*3 K, cals/ 
mole) but this may not be true under all circumstances. Pauling^ thinks that the 
O-H bond has about 40% ionic character and this electroslatic distribution to the 
bond strength may be so low in a medium of high dielectric constant (e.g. water, 
acetic acid, ethyl alcohol etc.) as to make the O-H bond more suseptible to attack 
than the G-H bond. 

Accoding to Goulson (‘‘Valence’* Oxford Glarendon Press) 1952 page 301, 
the bond energies of O-H . . . O, and G-H . . . O are 5*9 ± 0*2 and 2*6 K cals/ 
mole respectively. It seems, therefore, that there is a tendency of the chronitc 
acid molecule to form an ester. , 

By comparing the activation energies of the glycols we find that the value is 
much higher in pinacol that in ethylene glycol or 2-3 butylene glycoL Jp .the 
cases where methyl group has replaced the hydrogen, the formation of cyclic com- 
plexes is increased by the increase in the availability of electron on the oxygen 
atom of the O-H bond Here the increase in reactivity with the substitution of 
methyl group for hydrogen 'may be attributed to an entropy effect The variation 
in the energy of activation is relatively unimportant in this case. 

The free energy of activation represents the reactivity of a molecule. The 
more reactive one will have lower free energy of activation. The data shows a 
very good parallelism with the oxidation rates. 

As a result of works carried out by R. Griegee in Germany ; Westheimer in 
America, Jan Rocek in Czechoslovakia and later on in America and Ghatterji iu 
India the following points have arisen, 

(1) The reaction is acid catalysed, the rate is one or two with respect to H+ 
ion cone ; but the rate is always unity with respect to the oxidiser and the 
alcohol. 

(2) The reaction is much faster in acetic acid than in mineral acids of the 
same Hq concentration* 

(3) The transition state consists of a mono-chromium and not a di- chromium 
species. 

(4) There is a kinetic isotope effect of 6*6 at 25°G for the oxidation of 

(GH3)2 gdoh. 

(5) Addition of magnous ion reduces the rate of reduction by a factor of 2. 

(6) Esters of chromic radical has been isolated both with monohydric 
alcohols as well as glycols. 

In order to explain all the above facts ester mechanism is the most prpbable 
path of the reaction. 


1. Laiders book on Chemical kinetics, p. 135, 1950. 
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After ester has been formed, its decomposition takes place by Jjthe rempval of 
proton to any available base with the elemination of Gr (iV) (ceju^tiibn 12). ' 

■' Cri3), CHGH + HGrO^- + 2H+-^(CH3)2 GH0Gr03H2+ + HaO • ' ^ .(i) 

:r Otia^ < 


= O f BH + HaCrOa (Gr IV) .‘ (ij) 


CHs^ ^Gr03H2+ _j. . ^ CHsXri 
^ . GHs/ ^ 

followed by Gr IV + Gr y I 2 Or (V) 

;• -2 Gr V + 2(GH3)2 OHOH-— 4 2 Gr III ■ + 2 (GHa)^ G' ^ O +' 4H+ » ' (3) 
; or by Cr IV + Mn . ■ . 

Cr IV + Mn III^ — > “Cr III + MnO.^ , . . 

This suggests. that in the. case ofethylene to butylene glycols; the rate deter- 
mining step involves the rupture of C H bond, It has been assumed that the 
same mechanisni as in the case of isopropyl alcohol operates in the case of thfeW 
glycols also. 

In the, case of pinacol and also with other glycols, the mechanism of glycol 
decomposition may be represented as follows : 


O 


HO-Cr-O 


Ri 


H+ 


Rj-G-OH 
+ I + 

R3-C-OH - 
R4 2H+ 


Ri 

1 

Ra-G-O^ / 


O 


R3Jc-o/''^\o 
R4 


Rj-oh. 

I >Gr/ 

Rj G-Q/ \ 


Rj 0 


Ri 

1 II . 

Ra-C-O-Gr-O 

1 \ 

+HaO 

» I 0 

Ra-G-O. ^ / 

R3-G-OH OH 

R4 

^ — 

R,-G-0/ 

R4 

L 



R, OH 
' * ^ 

+ 

' Ri 

1 OH 

R C-O-Gr-O 

1 \ 

+ H,0 

Ra-G-O. . 

1 yGr”^ 

Ra-G-O^ \ 

R3-G-OH OH 

1 



I 0 

R4 


Ri 

Ri 



j 

3-C-0*+CrOa- 



3-C-O* 

1 

Ri 

Ri 

R* 

i' 

Ra-G: 

-» 

= o-ni|-G=o 


+H2O 


+H2O 


Ri 

1 

-» R„-G-0* 


Rs-G-O* +H+Gr02 

R4 ! 

•[ 6 ] 



The main point of the above, mechanism is the removal of H by abase. 
tM’ ^se bf acju water molecules ‘‘have been assumed to act as a 

base. The 'participation of the base in the decomposition of the ester has proved 
I i difficult although Lee and Westheimer^ prepared the ester of isopropyl alcohol and 
^ showed that its decomposition in benzene is accelerated by prydine. This suggests 
that ester mechanism is a most reasonable assumption but this assumption has 
^ been substantiated as it has not been proved that ester is an intermediate in 
the oxidation under ordinary conditions. 

We have isolated the esters of many alcohols that we have studied from the 
reaction mixture itself. The chromic acid ester of «-propyl^ isopropylc, n-butyl, 
iso-butyl, sec-butyl and w-hexyl alcohols has been isolated in benzene and carbon 
tetrachloride layers when these were added: to the reaction mixtures^. Similarly 
the chromic acid ester of pinacol has been extracted by benzene from the reaction 
mixture^. 

Other workers have also extracted esters during the oxidation of alcohols 
§uch as tricyclohexy-carbinol^ and tri phenyl carbinol oxidation^. Many others 
have also isolated the ester in the case of ali cylic alcohols. Hence the formation 
of ester as an intermediate is fairly well established during the oxidation process. 

Now about the other assumption that water acts as a base to remove H 
has been investigated by many workers, Attempts have been made to carry out 
theoxidatim reaction in the presence of bases stronger than H^O. Previously 
Westheimer and co~workers^ tried to find out if the addition of pyridine accelera- 
ted the rate of reaction. They reported that the reaction is slightly but signi- 
ficantly catalysed. 

Roc k and Knupicka^ disputed this. They measured the rate of oxidation of 
isopropyl alcohol by adding crystalline pyridium perchlorate to the reaction 
solution. It is not very clear why Westheimer and Rocek expected that the rate 
should be increased in their system. They added pyridium perchlorite to ,tbe 
system containing alcohol, chromic acid and perchloric acid. Here pyridium 
perchlorate primarily dissociates to a large extent and hydrolyses to a very small 
extent. Hence fiee pyridine is present in a very small quantity if at all, hence no 
acceleration should be produced. 

We have observed the rate of oxidation of isopropyl and sec. butyl alcohol*. 
We have also observed the oxidation of ethylene alcohol, propylene glycol and 
pinacol by chromic acid in pyridene-pyridium ion* buflfer solutions whilst pyridene 
in this solution accelerates the rate in all case it does not do so in the case of 
pinacol. Pinacol does not contain any hydrogen which can.be removed by the 
base hence no acceleration should be observed. 

This conforms the ester mechanism. 


In the end I am thankful to you for kindly giving me a patient hearing. 
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